This paper presents a qualitative study of food-related practices among 16 childcare providers in the Puget Sound, and suggests opportunities for design intervention to promote healthy eating by young children. This paper makes two contributions to interactive systems design. We present childcare as an underexplored site for future research and design. We also describe social ecology systems theory, an approach to qualitative research from the public health field that is relatively uncommon in design research. We believe that the socio-ecological perspective is particularly applicable to design research that addresses human service provisioning, and may also prove useful in describing human cognition and designing interactive systems more generally.
INTRODUCTION
Out-of-home childcare has become a primary learning and eating environment for a majority of young children in the U.S. Almost two-thirds of children under age 5 spend an average of 33 hours per week in childcare, where they receive up to two-thirds of their daily nutrition [40, 52] . At the same time, 8 .4% of US children between the ages of 2 and 5 are obese, with significantly higher rates among children of color [14] .
Given the extensive use of out-of-home childcare and the high prevalence of obesity and diet-related chronic disease factors in young children, childcare settings offer a vital opportunity to impact young children's diets and their interactions with food [29] .
However, childcare poses particular challenges for interactive systems design. Like other human services, childcare contends with diverse constituencies and conforms to various regulatory pressures, typically with very limited resources. Designing in this space requires close attention to interactions between the people who make decisions, and the environment in which those decisions are made.
To understand how childcare providers procure, prepare, and serve food, we conducted a qualitative study of food practices at 16 childcare facilities and developed a socioecological model to account for complex interactions between people, policy, and things. This paper describes the application of the model to our data on childcare food practices and its use as an analytic framework. We also describe the generative potential of a socio-ecological perspective to inform design ideation. This paper makes two contributions to interactive systems design. We present childcare as an underexplored site for future research and design. We also describe social ecology systems theory, an approach to qualitative research from the public health field that is relatively uncommon in design research. We find the socio-ecological perspective particularly applicable to design research that addresses human service provisioning, and may also prove useful in describing human cognition "in the wild" more generally.
BACKGROUND

Childcare and nutrition
There has been growing interest among interactive systems designers to support healthy eating. Recent work includes systems that encourage users to lose weight [4] , eat more healthfully [30] , and consider ecological dimensions of the food they consume [46] . Researchers have developed a variety of applications that encourage behavior change including casual games [44] , food journals [16] , and interactive meal planning applications [27] .
Toscos et al. developed an application that enabled parents to monitor their children's dietary and other health habits [50] . Other recent projects include a game that teaches diabetic children about food choice [13] , an in-store gaming experience that encourages children to adopt healthy eating habits [24] , and an instrumented fork that interfaces with a persuasive game [5] .
Several researchers have considered socioeconomic aspects of children's eating. Vylegzhania et al. developed a shopping assistant application for families who receive federal subsidies for food purchases [53] . Schaefauer et al. developed a snack-tracking application for low socioeconomic status families [47] . Amresh et al. developed an interactive comic book that addresses obesity among lowincome children [2] .
Prior work has often focused on older children and adolescents who "are beginning to gain autonomy over choosing the foods they eat" [3] . However, many of the dietary behaviors leading to the development of obesity and diet-related chronic disease are established in the prekindergarten years [9] . For example, children's taste preferences are largely established between the ages of three and five, and younger children are more likely to try new foods than older children [9] . Thus, the childcare years coincide with a pivotal period in the development of eating habits.
Unfortunately, childcare centers have a decidedly mixed record when it comes to nutrition. Studies show large variation in the nutritional quality of foods offered in childcare [6, 31, 36, 39] . Generally, sites that participate in federally reimbursed programs with meal pattern requirements, like as Head Start and the Child and Adult Care Food Program (CACFP), serve more nutritious meals and snacks than sites that do not participate [31] . However, even childcare centers and in-home providers that show high adherence to CACFP requirements commonly serve meals and snacks that exceed saturated fat recommendations, and often lack any fruit or vegetable [36] .
Given the importance of the pre-kindergarten years in establishing lifelong food habits and the growing reliance on childcare, early education provides a key opportunity to promote healthy eating [29] .
Food Choice
While it is generally understood that childcare plays a crucial role in establishing eating habits, little is known about the factors that influence providers' food decision-making. This is particularly true within the DIS community, where food choice remains a nascent research topic.
Several studies have examined relationships between consumers and food products. Kalnikaitė et al studied instore purchasing behavior, and discovered that "people rapidly make decisions based on one or two product factors for routine purchases, often trading-off between price and health" [28] . Gao et al examined ways that people determine whether a food is "healthy," and identified several factors including brand association, nutritional content, and portion size [18] . Hupfeld and Rodden examined ways that physical artifacts express identity and shape experience during meals [23] .
Comber et al. conducted contextual inquiry of food-related practices in 10 UK households [15] . They describe food selection, preparation, and consumption practices as being shaped by a number of social and cultural factors and found that "[h]ealthy and balanced eating were not primary concerns for most households" [15] .
There have been few studies specific to childcare food practices. According to prior work, childcare providers consider developing healthy eating behaviors in children and promoting social behavior at mealtimes among their most important responsibilities [39, 45] . A UK study found that providers place great emphasis on the social aspects of food, including eating together and sitting around a shared table [39] . An American study found that 90% of providers reported talking to children about eating healthy foods on a regular basis [51] . Another US study found that providers were confident about their ability to shape children's tastes, but struggled with the logistics of family-style meals and managing children's intake [32] .
Despite the importance that providers place on healthy eating, researchers have found correlations between time that young children spend in childcare and increasing risk of being overweight as they grow older [8, 21, 33] . Benjamin et al. have called for more in-depth studies of providers' practices to better understand the reasons for these findings [8] .
Social Ecology Systems Theory
Given the complex interplay of factors involved in foodrelated decision making described by prior work, we adopted a socio-ecological approach to our research.
Socio-ecological models have been used by public health researchers to describe complex interactions between people and their environment as they pertain to violence [49] , cancer [12] , and chronic disease [37] . Although not widely employed within the design research community ( [26] is a notable exception), we find socio-ecological models an effective way to describe complex interactions between people and their environment, and to identify opportunities for design intervention.
importance of selected foods in establishing cultural identity, like eating turkey on Thanksgiving.
Each of these systems affect and are affected by each other [17] . An ecological systems perspective therefore offers a framework for describing individual change within a social change context [37] . As designers, we find this aspect of socio-ecological systems theory particularly attractive, because it suggests that behavior may be influenced through interventions at many levels.
Design researchers have become increasingly interested in methods and frameworks that can account for interplay between stakeholders and artifacts [10] . Social ecology theory contributes to the "ecological turn" in design research [48] with a framework that accounts for a wide range of human and non-human actors (e.g. people, products, physical environments, institutional policies, cultural norms). Importantly, social ecology systems theory acknowledges both direct and indirect influences on behavior, and provides a structured approach to identifying environmental factors and articulating relationships between them.
Employing social ecology systems theory typically involves adapting Bronfenbrenner's model to a particular domain. For example, Joeng et al. developed a socio-ecological model of pediatric asthma that described the influence of family, community, society, and the environment [26] . The Centers for Disease Control (CDC) describes a socio-ecological model of violence as having four levels: the individual, her relationships, her community, and her society [49] . Elsewhere within the CDC, a socio-ecological model of cancer has five levels: personal, interpersonal, organizational, community, and policy [12] .
Gregson et al. [19] developed a socio-ecological model of nutrition choice, which suggests analysis at the individual, interpersonal, institutional, policy, and community levels. Lynch et al. developed a three-tier socio-ecological model of Canadian childcare providers' food-related activity, including the individual, community, and societal systems [34] . Our study extends this prior work to the US context, and provides a more nuanced model that accounts for a broader set of influences.
METHODS
We conducted a qualitative study of food-related practices among 16 childcare providers in the Puget Sound, an area of Washington State centered on Seattle. We developed a socioecological model of childcare food practices, which we used to analyze our data and also as a guide for design ideation.
Participants
In May 2014, a study invite and materials was sent to childcare providers via e-mail listservs. Interested participants were instructed to apply for study consideration via a secure online survey that screened for inclusion criteria (i.e. solely or primarily responsible for food decisions, located in the Puget Sound region, serving at least one meal per day, and enrolling children from ages two to six). Because food quality is often associated with financial resources, we screened for participation in federal subsidy programs to determine whether a center served low-income children. We also screened for in-home providers vs. centers. Maximum variation sampling was used to recruit providers to ensure good representation across factors [38] .
Twenty-six providers filled out the online survey. After an initial sample of 10 participants was enrolled and interviewed, the research team discussed the interviews to determine whether new themes, factors, or experiences were still emerging (saturation testing) [38] . In total, 16 participants, each representing a unique childcare site, were interviewed from June-September 2014 until the research team felt that theme saturation had been reached [38] . All participants were female and held primary responsibility for food-related decision making, often in addition to other nonfood related duties (for example, several were executive directors who preferred to be directly involved in food shopping, at least in part to ensure regulatory compliance). 12 operated childcare centers, reflecting difficulties recruiting in-home providers who are typically less involved in formal and informal daycare networks. 7 subjects participated in CACFP, 10 received subsidies from the Department of Health and Human Services, and 4 received no subsidies.
Semi-structured interviews and site visits
A semi-structured interview format was used because it was uniform and flexible, and allowed for new topics and followup questions to emerge. The interview guide was informed by a literature review on childcare food provisioning.
A set of open-ended questions was designed to explore meal planning, food procurement, food choice, food service, program policies, curriculum and activities, and staff perceptions and values. The interview guide was peer reviewed by two collaborators from the childcare community. The final interview guide consisted of broad, open-ended questions that encouraged active reflection. Example prompts include "How do you decide what foods to serve?," "What does 'healthy' food mean to you?," and "What information sources do you rely on?"
Interviews were conducted at participants' worksites. Participants were offered a gift card for completion of the study. Interviews lasted an average of one hour and were conducted by the same researcher to ensure consistency. Each interview included a review of recent menus and shopping receipts, and a site tour of food preparation, storage, and service facilities and any current food-related curricular activities (e.g., gardening).
Analysis
Interviews were audio-recorded and still photos and field notes were taken to record key items highlighted by interviewees. Audio-recordings were professionally transcribed verbatim. An inductive approach was used to guide data analysis [42] . Using the interview guide, a Health: Patient-Clinician DIS 2016, June 4-8, 2016, Brisbane, Australia preliminary codebook with themes was created by the research team. Additional themes were identified as they emerged from the data. This process continued until agreement was reached that the codebook contained all relevant themes. Two researchers independently coded two transcripts and reviewed coding conflicts and reconciled them by discussing discrepancies and reaching consensus. One researcher coded the remaining transcripts in conjunction with regular discussion meetings with a team member trained in qualitative research. Each theme and the variations in how it was perceived are described in the results section below and presented with illustrative quotes.
A SOCIO-ECOLOGICAL MODEL OF FOOD PRACTICES
We identified a range of factors that influenced food practices, including personal preferences, financial considerations, federal regulations, and ideological commitments. Taking a socio-ecological approach, our analysis emphasized relationships between the sources of those influences.
Ten key sources emerged from our thematic analysis: kids, parents, staff, workplace characteristics, vendors, professional associations, media, regulation, culture, and providers' personal characteristics. These were grouped into socio-ecological categories describing interactions at increasing levels of remove from the participant. The resulting model of food choice consists of five socioecological groupings, or "levels" (figure 1). We now turn to consideration of how actors at each stage influence childcare food practices.
Individual Level: Personal characteristics
Providers' personal characteristics, including their perceptions and values, and their training, education, and professional experience, play a significant role in shaping food procurement and service decisions.
Perceptions and values
Participants described food selection as a deeply personal activity, mentioning that they eat with the children and won't serve anything that they wouldn't eat themselves. Several providers linked food choice to their own health concerns, including weight management, diabetes, and food allergies.
Providers' childhood experiences also shaped their food practices. Several mentioned wanting to recreate nostalgic experiences, including picking tree fruit and growing vegetables. Memories seems particularly significant for providers who had grown up in rural areas, many of whom indicated that urban children are less exposed to agricultural activities and lack relationships with their food sources.
Providers also cited negative childhood food memories, including preponderances of processed and unhealthy foods, as influencing decisions about serving fresh produce and removing fried foods from childcare menus.
Participants used words like "nutritious," "healthy," "fresh," "tasty" and "high quality" to describe food selection criteria. These are highly subjective terms, and are bound up with a host of other, often implicit biases. Providers also apply ethical and ideological lenses to food choice, including concerns about environmental sustainability and animal welfare. Anti-corporate sentiments were also common (but not universal); many participants made statements like, "I Perhaps most significantly, food practices were infused with a sense of mission. All participants described childcare as a "passion" or a "calling." For some, the decision to work in childcare was explicitly linked to food issues; for example, one participant left a successful career in food service to become a chef at a large childcare center because, "I thought it was really important to get children to eat and to understand really healthy food at a very early age."
For others, food was linked to a broader social change agenda. One participant described passing her values on to the children in her care: degree from a culinary school and ran a catering company, and a third reported years of restaurant work. These participants said that their professional experience was indispensable in their ability to effectively provide food for their childcare centers, citing their ability to negotiate with vendors and manage costs by not relying on prepared foods. We also observed their highly efficient use of space, time, and materials, particularly when compared with providers without professional culinary experience.
Interpersonal: staff, children and parents
Staff: preferences and expertise
In larger childcare centers, food procurement, preparation, and service duties were shared by multiple staff members, including teachers, administrators, and in some cases, dedicated chefs. These centers typically held regular staff meetings, where food issues were common topics of conversation; one provider cited a recent decision to switch to whole grain rice as resulting from staff suggestions. Inhome childcare providers described their own family members' influence on food decisions -for example, one participant described the challenges of preparing meals for preschool-aged children than would also appeal to her teenaged son. Providers were centrally concerned with children's dietary and developmental requirements, linking healthy eating with physical development, affect, and ability to concentrate. Some participants described nutrition in terms of specific vitamins and proteins, while others described children's nutritional needs in terms of balancing different food groups.
Allergies and food intolerances were common topics in provider interviews. Food allergies and intolerances to nuts, dairy, eggs, and gluten were most frequently cited concerns; berry and soy allergies were mentioned, and we observed lengthy allergy lists posted in kitchens at nearly every site. Providers reporting spending a considerable amount of time daily, maneuvering through food allergies and intolerances, which could vary widely depending on which children were in care on any given day.
Parents: preferences, values, culture
Participants discussed the influence of parental food preferences and eating habits. Some parents request that cultural, religious, and other factors play into the foods that are served or avoided, such as preparing vegetarian or vegan foods or avoiding certain meats.
Some providers portrayed parents as promoting healthier food service by actively monitoring childcare menus and approaching staff with requests and concerns. But parents were also seen by some as barriers to healthy eating, "a lot of times at home children don't get healthy food and so it's really important that we give them that while they're with us."
Many participants mentioned organic foods as parents' most common concern about their children's food. Providers reported purchasing organic milk, fruits and vegetables in response to parental demand. Several providers mentioned the value of serving organic milk for "marketing… parents like that we serve organic milk and that's a big draw for them."
Several providers saw a disconnect between parents' avowed interest in nutrition, and their actual involvement with food. One said, "I really have never caught parents checking them out [the menus]," while another reported "...they'll talk about organic, and then it stops." Several providers explained that parents "vetted" food service during the initial childcare selection process, but rarely raised food concerns after their children were enrolled. They also reported winning parents' trust, " [parents] 
Financial resources
Providing healthy meals with limited resources was a common concern (but not a universal one; some participants felt their food budgets were adequate). Providers discussed numerous strategies, including purchasing sale items and preferring fresh or frozen produce to prepared foods. Providers also talked about increasing food budgets by prioritizing food over other expenditures.
Labor costs also factor into food decisions. Preparing fresh foods requires more staff time, which influenced decisions to buy fresh or canned produce. Food practices are also contingent on space and equipment available at the childcare facility. In-home daycares typically operate residential kitchens with consumer-grade equipment, which may not be well-suited for commercial-scale food production. Childcare centers often occupy physical spaces that were designed for other purposes (church basements are a common site), and may not offer adequate food preparation or storage facilities.
Staff who felt they were working in inadequately equipped kitchens tended to rely more heavily on prepared foods. Storage space was also a factor in procurement habits. More storage enables bulk shopping, while less storage affects the number of items purchased during each shopping trip. Centers with ample storage space typically keep more dry goods and frozen items on hand, which can help reduce costs and mitigate reliance on prepared foods.
Institutional policy
In some cases, curriculum and menus are set by a larger corporate, nonprofit, or public organization, which can limit autonomy by local decision makers.
Many daycare centers have food-related policies. No-nut policies were the most prevalent. In some cases, the policies were in place because of specific children with allergies, while in others the policies were more proactive. The availability of peer support varied widely. Larger daycare centers, particularly those linked to national organizations, typically had structures in place to connect staff with their counterparts at other sites on a weekly or monthly basis, while at-home daycare providers were more reliant on informal networks.
Media
Participants reported spending significant time online searching for recipes and curriculum ideas. Several providers reported using well-known internet search engines and popular social media platforms to find food and curriculum ideas (although, interestingly, none reported posting their own information online). Specialized food and child nutrition websites were also cited as important information sources, as were websites offered by federal, state, and local agencies. One provider acknowledged that she also looked to On the whole, providers were ambivalent about ordering food online. While a few were distrustful of online shopping, others appreciated the convenience. Several had negative experiences with online food ordering. Substitutions were particularly problematic. Online grocery services typically substitute "similar" items for out-of-stock products; however, a retailer's notion of comparable food may not jibe with provider perception or regulatory requirement.
In-home providers reported difficulty meeting minimum requirements for online ordering, in part due to a lack of storage space. Some providers also reported concerns about the quality of food that is ordered online, " Societal factors include informal influences, like culture, and formal ones, like government policy and regulation.
Culture
Childcare providers' perceptions and values are shaped by culture. Several participants described themselves as "foodies" to indicate their relationship to food and eating. The privileging of small-scale food production and distrust of government and corporations expressed by many participants seemed to reflect the distinct character of the pacific northwest, although two cited their Vermont heritage as a way of explaining commitments to local and sustainable agriculture.
Parental and staff concerns with organic and gluten-free foods reflect broader contemporary food trends. Seasonal influences also play a role, with providers adjusting menus to reflect holidays and changes in season. Birthday celebrations were another commonly cited factor, often described as exceptional events when sugar is served.
Policy and Regulation
Government influence on childcare food procurement is Health: Patient-Clinician DIS 2016, June 4-8, 2016, Brisbane, Australia deep and pervasive. All of our participants are licensed by the state, which includes guidelines for food provisioning and service. Most subjects also participated in federal and local food subsidy programs, which underwrite the cost of food service particularly to low-income children.
CACFP is the most significant program. It includes numerous nutrition and meal planning requirements that dictate nutritional content, suggest specific foods, and establish requirements on variety and serving size. Government programs also influence decisions about sourcing food. Several participants described discouraging parents from preparing food for their children, for example, because home meals aren't reimbursed by CACFP, or because requirements mandate all foods (including birthday cakes and other treats) be prepared by licensed, commercial kitchens. Food safety requirements also require food vendors have expensive tracking mechanisms in place, which disqualifies farmers' market vendors.
Government regulation also impacts space and labor usage. Several participants cited state requirements that they maintain emergency food supplies (although there was substantial disagreement over the precise amount), which demanded storage facilities that might otherwise be used for other purposes. Government programs impose reporting requirements, including tracking daily food service, that require significant amounts of staff time. They also offer training, nutritional information, and other support.
Interestingly, we found several examples of childcare facilities that didn't participate in CACFP, but which nonetheless adhered to its guidelines. In several cases, a childcare center had formerly received CACFP funding, and simply kept their menus in place after their participation lapsed. Some of these providers reported adhering to CACFP because they imagined enrolling in the program again in the future, while others said that it was simply easier to keep the existing menus than to develop new ones.
INTERACTIONS ACROSS THE MODEL
The socio-ecological perspective helps us make sense of complex practices, by highlighting ways that interactions between actors across socio-ecological levels shape decisions.
Importantly, the childcare context surfaces environmental dimensions of behavior that may be difficult to recognize in retail consumers. We typically imagine consumers as more or less autonomous actors who bring unique blends of preferences, values, and other factors to bear on purchasing decisions. For childcare providers, these factors are distributed across networks of influences. For example, children's taste preferences are significant (and inconsistent -for example, some kids love broccoli while others detest it). However, providers are also responsive to staff and parent preferences and values.
Similarly, nutritional requirements -how foods are understood as "healthy" -flow in part from children's developmental needs, but are also proscribed by the government and interpreted by providers, with input from parents, staff, and the media. Food preparation -the ways that meals are cooked -are influenced by cost, but also by staff expertise and values, local availability of various ingredients, and the equipment and physical plant of the childcare center.
Appreciating the socio-ecological dimensions of food practices leads us to conceive providers as proxies for a host of interested parties. That is to say, in making decisions and enacting practices, childcare providers actively interpret a wide array of human, material, and institutional stakeholder perspectives.
This work often involves negotiating between competing, even conflicting, demands. Providers also actively work to exert their own influence back across the model. For example, kids' taste preferences are seen as malleable, and indeed, many providers see a primary responsibility in melding children's habits to their vision of what constitutes "good" eating (which in turn are influenced by a host of socio-cultural factors). We found numerous other examples of providers attempting to shape the decision making environment by arguing with parents, training staff, and advocating regulatory changes.
Providing healthy meals that are acceptable to dozens of children and their parents, meet state requirements and providers' own sense of propriety, and are constrained by tight budgets and limited staff and material resources imbues even the most mundane decisions with almost unfathomable levels of complexity. By helping to make this complexity legible, the socio-ecological approach lets us appreciate the scale of difficulties that childcare providers face in feeding their charges, and enables us to identify opportunities for design intervention.
RECONSIDERING FOOD + INTERACTIVE SYSTEMS
Although heavy users of computers and mobile technology, and deeply engaged with contemporary food culture, none of our participants reported using food-choice software in a professional capacity. This, despite the ready availability of literally hundreds of such apps for download. The absence of these solutions in professional practice points to a gap between the features that these products offer (and by extension, their underlying models and assumptions), and the requirements of childcare food provisioning. Simply put, many existing food choice technologies are of limited utility for childcare providers.
For one thing, existing products may rely on overly simplistic understandings of food. Previous work has suggested that price is the most important factor determining consumer food choice (e.g. [46, 28] ). However, we found that while financial considerations were significant for childcare providers, they were not considered to be a sole or even primary factor in decision making.
Our model suggests deeper disconnects between current
Health: Patient-Clinician DIS 2016, June 4-8, 2016, Brisbane, Australia technologies and providers' practices. Food-choice applications are generally focused on the individual and, to a lesser extent, interpersonal levels. They tend to assume that consumers shop for themselves and their immediate family, and are primarily motivated by one of a fairly limited set of possible concerns (e.g. losing weight, avoiding allergens, saving money, shopping sustainably, or running out of milk).
As we have seen, these concerns are certainly in play for childcare providers, but are balanced against a range of factors, and are complicated by the fact that, as institutional buyers, childcare providers make food decisions on behalf of large numbers of eaters with varied preferences and developmental needs.
Another reason for the limited appeal of consumer software is that childcare providers' food practices don't fit within the "corrective technology" framework described by Grimes and Harper [20] . Persuasive technologies that attempt to "fix undesirable behaviors" like snacking or not eating enough vegetables while overlooking social, cultural, and aspirational dimensions of food are poorly matched to the childcare context.
Institutional and societal influences also limit the appeal of online shopping. Reporting and staffing requirements lead providers to plan menus weeks in advance, which can be a barrier to online food shopping services with unpredictable inventory and unannounced product substitutions. While vendors' unexpected food replacements may seem funny or annoying to residential consumers [43] , they are deeply problematic for childcare providers.
Finally, given prior interest among DIS researchers in smallscale and community supported agriculture CSA (e.g. [22, 41] ), we should point out that the relative rigidity of childcare food service also curtails providers' ability to participate in farm-to-table programs. While a family cook can adapt to an unexpected influx of, say, kale, from a CSA, in-home daycare providers have limited flexibility to make alterations.
We also found little reliance on commercial food services, due in large part to influences at the individual and institutional levels. We heard numerous accounts of struggles with industrial food services, including minimum requirements for delivery services and the high cost of institutional catering services. Disconnects seemed particularly pronounced for childcare providers who lack professional food service experience. These providers were less capable of negotiating with vendors, and also had difficulty making sense of industrial volume and pricing schemes.
The apparent lack of fit between current technology and services, and the requirements of childcare food practices suggests the need for new approaches to interactive systems design that can account for the complex interplay of factors we find in real-world decision making. In the next section, we suggest several directions for future design research.
DESIGN OPPORTUNITIES
We identify several opportunities for design intervention.
Information-seeking is a central concern for childcare providers. Providers are continuously on the lookout for recipe and curricula ideas, on much of what they find is not immediately suitable to their needs. Most cookbooks and recipe websites, for example, are geared towards home cooks, and require significant adaptation for use in institutional settings. While there are a number of curriculum development resources, most focus on K-12 education, and may not be suitable for younger children. Creating repositories of childcare-specific recipes and curricula would be of immediate benefit, as would enabling providers to exchange ideas, resources, and messages.
Logistical concerns are also paramount. Childcare providers often have limited financial and staff resources available, and struggle to manage the practicalities of planning menus, purchasing supplies, and transporting and storing food. Several participants reported using online food ordering services, with mixed results. While there are some online menu planning resources available, they are fairly rudimentary and could be improved. Adapting online shopping services to describe products and services in ways that make sense to childcare providers could increase adoption.
These examples will likely seem familiar to many readers, as they build on established design tropes and cast the decisionmaker as the primary focus of design activity. However, the socio-ecological perspective broadens our view of food decision making, and suggests other, perhaps less obvious, design interventions by shifting our attention towards other actors.
For example, at the interpersonal level, providing parents with better information about menus and food service when they are choosing a childcare facility could encourage changes in food service. Similarly, applications that allow parents and providers to monitor children's eating habits both in and outside of childcare would enable more holistic, cooperative, and effective approaches to child nutrition and food habit-forming.
Moving to the community level, educating small scale farmers about providers' needs and reworking CSA services for greater predictability and consistency could lead to greater inclusion of locally-grown, small-scale produce on childcare menus. Doing this effectively might require cooperation by multiple small-scale farmers and childcares. It might also suggest that farmers invite childcare providers' involvement in crop planning at the beginning of the growing season.
At the institutional level, material conditions exert significant influence over providers' ability to serve fresh, healthful foods. Redesigning interior spaces to maximize storage and efficient space utilization can reduce reliance on prepared foods. New equipment that enables untrained cooks to produce commercial-scale meals quickly, inexpensively, and with minimal space requirements will allow providers to make greater use of fresh and raw ingredients.
Interventions at the societal level, especially those involving policy and regulation, may have the broadest effects. As one of our informants pointed out, simply increasing CACFP requirements for fresh produce foods would have dramatic impacts on childcare food service. While policy changes may seem to some to be outside the realm of interactive systems design, it is worth noting that many regulations rely on technical components for implementation and enforcement. For example, childcare providers don't typically source food from farmers' markets, in part due the lack of effective food traceability. Developing low-cost food tracking solutions would enable farmers' market vendors to become eligible for CACFP reimbursement, which in turn would make them much more attractive to childcare centers.
Considering interactions across the societal, community, and personal levels suggest a need to connect providers, retailers, professional organizations, and policy makers. For instance, knowing that reimbursable items are more attractive to childcare providers could influence vendors' inventory and marketing decisions, particularly if consortia of small-scale childcares were able to pool resources and coordinate purchasing activities. Connecting professional food service workers with childcare providers could improve resource management and negotiations with vendors. Finally, coalitions of childcare providers, food producers, and local officials need tools to help them develop support networks and advocate for policy changes that would have sweeping impact across the childcare sector.
These are a few of the design opportunities that we discovered by using our model generatively, to inform brainstorming and ideation. From a design research perspective, these examples are interesting because they decenter the research subject [25] . Rather than assume a childcare provider is a sole, or even primary actor, they indicate that we may also influence food practices by addressing relationships between other actors including parents, retail environments, professional organizations, and government. More generally, they suggest an approach to design that finds innovation through holistic investigation of socio-ecological context.
It is worth noting that many of the design interventions described above require a realignment of stakeholder interests that can be difficult to achieve. This suggests an expanded notion of design practice that extends beyond specifying the form and function of interactive artifacts, to include relationships between socio-ecological actors and the policies that govern them. In other words, we see socioecological systems as both the context and object of designthey are the environments in which technology is experienced, and are themselves the products of human intention. While this perspective may seem novel to some, we believe that it is consistent with established design movements including service design [35] and sociotechnical system design [7] .
CONCLUSIONS: BEYOND CHILDCARE
Childcare providers are key to improving young children's nutrition. But, providers don't operate in a vacuum. Rather, they act as proxies for a variety of interests, including children, parents, professional associations, and government regulators. Their actions are shaped by broad social trends, intertwined with ideological commitments, and imbued with a strong sense of mission. In other words, they are bound up in complex sociotechnical systems.
In our view, socio-ecological models provide a useful way to make sense of messy, complex real-world decision making. Our model makes relationships between actors explicit, rendering them legible for analysis. The model also helps to de-center design thinking, by allowing us to map out a diverse set of actors who influence behavior at various scales of remove -from the local to the societal. Each of these actors, and the relationships between them, offer opportunities for design intervention.
We also believe childcare is representative of a class of organizations that offer human services outside of a governmental context. Other examples include community health clinics, senior centers, food banks, religious organizations, homeless and domestic violence shelters. Many of these organizations serve food. More importantly, they are all in the business of providing basic human services to vulnerable populations, and operate in a gray area between industry and the public sector. If we are to fully understand, and ultimately design for, these organizations, we need approaches to design research that account for complex interplay between people, policy, and things.
Finally, we note that social ecology systems theory was developed to describe behaviors of individuals operating in unofficial capacities. Our intuition suggests that socioecological approaches may be applicable to a wide array of everyday design contexts. We look forward to future explorations of this potential.
